A broth-dilution method for performing antimicrobial susceptibility tests on anaerobic bacteria has been proposed. The medium used in the test was Schaedler broth, with incubation in a glove box with an atmosphere of 5% CO2, 10% H2, and 85% N2, or in the GasPak system. Minimal inhibitory concentrations for selected antibiotics were determined, under these conditions, by using a conventional twofold dilution scheme for the antibiotics and a "categorization three-tube method" in which two or three clinically significant concentrations of each antibiotic were used. Minimal inhibitory concentrations obtained by both methods were very similar. The categorization method could be used routinely to test the antimicrobial susceptibility of anaerobic bacteria.
Because anaerobic bacteria are being isolated from clinical material with increasing frequency, the diagnostic microbiology laboratory is more often called upon to test the susceptibility of these organisms to a variety of antimicrobial agents. The determination of the drug susceptibility of anaerobic organisms is generally more complicated than for aerobic organisms, because of the difficulty in isolating and identifying them, the obligation to test them in the anaerobic environment, and the lack of a standard method for testing their susceptibility.
The approach of many investigators has been to use conventional techniques for aerobic and facultative organisms to test the drug susceptibility of anaerobes in an oxygenless environment. Therefore, antimicrobial susceptibilities have been determined by disk-diffusion, agardilution, and broth-dilution techniques. Although there are several common sources of variation for these techniques, e.g., inoculum concentrations, pH of the medium, and components of the medium, one major disadvantage of the disk-diffusion and agar-dilution techniques for testing anaerobic bacteria in comparison with the broth-dilution technique is that the organisms are much more likely to be subjected to lethal doses of oxygen when they are spread onto the surface of agar. Furthermore, the addition of agar to a broth medium adds to the complexity of the medium and to the possibility of some effects on the susceptibility test. For these reasons we chose to use a broth-dilution technique as our reference method for determining minimal inhibitory concentrations (MICs) of several antimicrobial agents for various anaerobic bacteria.
The initial consideration in attempts to standardize a method for susceptibility testing should be the achievement of optimal growth conditions for the organisms being tested. We have previously shown that Schaedler broth (BBL) in an atmosphere of 5% CO2, 10% H2, and 85% N2 was superior to eight other media and other combinations of gas mixtures for growing anaerobic bacteria likely to be isolated from clinical material (10) . A broth-dilution method, with this medium and atmosphere, were used in this study. Susceptibility tests were also performed with a modified broth-dilution technique in which only two sponse of the organism, the end points and corresponding MIC values were determined through visual interpretation of growth. Reference MIC determinations. Base line MICs were determined on some commonly encountered anaerobic bacteria using a broth dilution method. The antibiotics were diluted in sterile distilled water to contain 10 times the desired final concentration. Three-tenths milliliter of each antibiotic concentration was added to 2.7 ml of supplemented Schaedler broth, thus achieving another 10-fold dilution of antibiotic. The Schaedler broth had been concentrated 10% to compensate for the dilution of the broth.
The tests were performed in screw-capped tubes (16 by 125 mm). This media was prereduced by placing it in the anaerobic glove box containing an atmosphere of 5% CO2, 10% H2, and 85% N2 for 24 h. The inocula were prepared by growing the organisms in Schaedler broth until the desired turbidity (corresponding to 108 colony-forming units/ml) was achieved or surpassed (generally overnight). The turbidity was determined spectrophotometrically at 540 nm. Adjustment of the turbidity of the culture was made with Schaedler broth. The adjusted inoculum was added to each of the tubes with antibiotic-containing broth to achieve a final concentration of approximately 106 colony-forming units/ml (0.025 ml into 3 ml of broth).
The tubes were incubated at 35 C for 18 to 24 h (or longer if growth not adequate) in the anaerobic glove box containing 5% C02, 10% H2, and 85% N2. The MIC was the least concentration of antibiotic that prevented visible growth. To measure the reproducibility of the test, triplicate determinations were performed at each of three testing episodes, using various lots of antibiotics, media, and anaerobic gas.
Categorization method for determining antibiotic susceptibility of anaerobic bacteria. An abbreviated version of the reference broth-dilution method was also evaluated. The antibiotics were tested in two or three concentrations that permitted clinically useful categorization of susceptibility, similar to the characterization obtained by the method described by Ericsson and Sherris (2) . The concentrations of antibiotics used in these tests are shown in Table 5 . The antibiotics were diluted in sterile distilled water to 10 times the desired final concentrations. Three-tenths milliliter of the antibiotic solution was added to 2.7 ml of Schaedler broth (contained in screw-capped in tubes either 16 by 125 mm or 13 by 100 mm), and prereduced as in the reference method. The inoculum was also prepared as in the reference method, that is, grown in Schaedler broth and adjusted spectrophotometrically to contain 108 colony-forming units/ ml. Therefore, for each antibiotic, there were two or three antibiotic concentrations (depending upon the antibiotic) and one control tube of antibiotic-free medium. The tubes were incubated in the glove box containing 5% CO2, 10% H2, and 85% N2, and/or the GasPak jar, at 35 C for 18 to 24 h (or longer to achieve visible turbidity). The end points were the lowest concentrations of antibiotics that permitted visible growth. The MICs obtained by this method could then be used to classify the organisms into one of four categories of susceptibility. We prefer the categories suggested by Ericsson and Sherris (2).
This test was evaluated by comparing results obtained with the category method to those obtained with the reference broth-dilution method, using strains of B. fragilis ssp. fragilis, Peptostreptococcus CDC group 2, E. alactolyticum, and C. perfringens. These evaluations were performed in the anaerobic glove box. In subsequent studies, the GasPak environment was also evaluated for use with the category test by comparing results obtained in the glove box with those obtained in the GasPak jar. In these studies, the inoculum preparation and subsequent inoculation of broth were done in the glove box in duplicate and one set was removed to the GasPak jar. Therefore, the only differences were the two atmospheres. Additional studies were also performed where the preparation of the inoculum, as well as the inoculation itself, were conducted under aerobic conditions to determine the effect on MIC values in the categorization method. Tables 2  and 3 . The most marked variations in MIC patterns produced by changes in inoculum concentration were with the slower growing organisms, e.g., E. alactolyticum (Table 3) , as compared to a rapid grower such as C. perfringens ( Table 2) . Determination MICs (sgg/ml). Concentrations of antimicrobial agents tested were serial twofold dilutions ranging from 128 to 0.12 or 0.03 ug/ml. Three-tube categorization method for determining antibiotic susceptibility of anaerobes. The susceptibility patterns of the four representative anaerobes used in this study were also determined by a three-tube brothdilution categorization method. The results of six replicate tests (Tables 5 and 6 ) are consistent with the base line MIC values shown in Table 4 . Moreover, the data shows that when the GasPak system was used as the mode of anaerobic incubation, identical, or very similar, MIC values were obtained. When the inoculum preparation and inoculation were done under aerobic conditions, the MIC values were also identical, or very similar, to those obtained when these manipulations were performed under anaerobic conditions. DISCUSSION Much effort has been exerted in recent years to standardize the techniques for antibiotic susceptibility testing. For the most part, the success of these efforts has been limited to the aerobic and facultative bacteria. The development of standard procedures for the anaerobes has been more difficult. Consequently, one of the main purposes of this study and of an earlier a Antibiotics tested were cephalothin, chloramphenicol, clindamycin, erythromycin, gentamicin, lincomycin, penicillin, tetracycline, and vancomycin, respectively. They were tested in concentrations that were serial twofold dilutions ranging from 32 to 0.015 .JVml. a The MICs were determined by a categorization method using Schaedler broth and two atmospheres (anaerobic glove box with 5% CO2, 10%H2, and 85% N2; GasPak). study (10) was to consider the prerequisites that might lead to the recommendation of a reference method and routine method that would be accepted for use in a diagnostic laboratory.
RESULTS

Determination
Of the three testing techniques commonly used for determining antibiotic susceptibility, the broth-dilution method has fewer sources for variation in testing anaerobic bacteria. Although contamination and the restriction to test one organism per series of tubes are drawbacks of the broth-dilution method, the use of broth media minimizes the amount of oxygen exposure and thus may increase the growth response or reduce the time required to achieve eugonic Although the agar dilution method is well suited for the simultaneous testing of large numbers of organisms, the broth-dilution method is a more efficient method for routine use in most laboratories where only a few anaerobic isolates would be tested at any one time.
The medium and atmosphere used in these broth-dilution tests had little deleterious effect on MIC values as compared to values achieved through standard methods with reference facultative organisms. A higher cation concentration in the Schaedler medium may contribute to variations in the MICs obtained with gentamicin and tetracycline, since effectiveness of animoglycosides and tetracyclines may be associated with ion concentration (2), but anaerobiosis and increased CO2 could have played a role (8) .
Even though the data obtained with this reference method are reliable, it is not an optimal method for the-routine diagnostic laboratory because of the antibiotic dilution protocol and the physical requirements for the handling and processing of a large number of tubes. Consequently, our approach to overcoming this cumbersome problem was to abbreviate the number of antibiotic dilutions used in the test. Similar systems have been used by Schneirson and Amsterdam in a broth-dilution test (9) and by Washington in an agar-dilution test (11 
Downloaded from
The test concentrations of each antibiotic that we have used in this study were not adopted just for testing anaerobic bacteria, but for testing all bacteria. General agreement on what the most clinically useful test concentrations should be may not occur, but with this method each organization could set its own test levels.
Although we must test more strains, our results lead us to believe that the methods proposed here can be used routinely in the clinical bacteriology laboratory to test the antimicrobial susceptiblility of anaerobic bacteria. The three-tube categorization method, performed with the GasPak system, can be used as the routine method. If more definitive MICs are desired, the more conventional, twofold dilution scheme in the same broth and atmosphere can be used.
The categorization would be even more practical for the clinical laboratory, if paper disks were used to deliver the antibiotic to the broth. This method has been used by Isenberg et 
